Summary.-This study investigated simultaneous treatments in contextual interference (blocked and random practice) and their effect on the process of learning four tennis shots. 8 tennis players participated in the research, which was carried out in two phases. The first phase involved a 3-wk. period of 12 sessions with 192 practice tennis shots per session for each tennis player. The second phase comprised 4 retention tests carried out at 48 hr. and 2, 4, and 6 weeks following the learning phase. This phase consisted of evaluating the retention of the skills that had been practiced during the learning phase. The results indicated an improvement in the quality of shots for both practice conditions during the learning phase. Differences in retention appeared relative to differences in the type of practice conditions (random or blocked) in which the skill was learned and also depended on the type of shot and the time that had elapsed since the learning period.
broadly studied. Several extensive investigations and reviews have been published about the effects of different sources of interference on the execution of various motor skills in relation to the acquisition and retention of the skill as well as transference to other tasks. Researchers such as Sherwood (1996) , Immink and Wright (1999) , Jarus and Goverover (1999) , and Li and Vaczi (1999) have found that high interference during the first stages of the learning process benefited retention and transference to other similar structural skills. Wright (1991) and Wright, Li, and Whitacre (1992) also demonstrated that learning with low contextual interference was less desirable than learning in other practice conditions.
In this sense, some investigators have concluded that the decrements in performance during the acquisition stage are due to higher contextual interference (Smith & Penn, 1999) . In a similar way, researchers have found that tasks learned under conditions of lower contextual interference resulted in benefits to performance immediately subsequent to the acquisition stage (Green & Sherwood, 1999; Wegman, 1999) . However, other investigations about anticipation skills show the positive effects of blocked practice on retention and transference to other motor skills (Shewokis & Klopfer, 2000) .
According to previous research, the influence of random practice seems to be positive for motor learning, although it is not appropriate to make categorical statements about those positive effects (Magill & Hall, 1990; Schmidt & Lee, 1999) . Some investigations of contextual interference, including studies by Lee and Simon (2004) and Maslovat, Chua, Lee, and Franks (2004) have concluded that blocked practice resulted in better performance during the acquisition stages than did random practice. However, in other studies, these differences were minimal or not observed. Studies that have investigated retention and transference periods have concluded that performance is sometimes superior in tasks learned in random conditions as opposed to blocked practice, while in other cases no differences have been found.
Three hypotheses have been proposed to explain the effects of contextual interference but they are unclear. The retroactive inhibition hypothesis (Buxton, 1940) is based on the perspective that the performance decrements observed during retention tests may be caused by a negative transference from other tasks during the evaluation of that particular task. Various researchers (Meeuwsen & Magill, 1991; Del Rey, Liu, & Simpson, 1994; Shewokis, Del Rey, & Simpson, 1998) have att empted to test this hyhave attempted to test this hypothesis. The elaboration hypothesis (Shea & Zymny, 1983) states that random practice or high contextual-interference conditions should lead to variable, multiple, and strategic information processes which would increase the difference between tasks and their representation, thereby facilitating the memory process and increasing task performance in rela-tion to retention and transference. In this context, the benefits of random practice could be attributed to inter-task processes, which would demand a higher level of cognitive activity from the novice learner resulting in a more detailed representation of movement execution such as the maintenance of different information points (items) in sensory memory (Li & Vaczi, 1999) or working memory (Anderson, 1980; Shea, & Zimny, 1983) . However, the blocked condition would only yield positive benefits for intratask processing.
The reconstruction or forgetting hypothesis (Lee & Magill, 1983 ) holds that the introduction of tasks between two repetitions stimulates the creation and memory of certain information about the action plan, or information related to the interaction between the knowledge of the results and that action plan, in such a way that the novice has to engage in active reconstruction of the movement plan in the subsequent execution of the task. This hypothesis is based on the effect of interference on memory characteristics after learning a task, such that memories remain more flexible and more resistant to forgetting. This view holds that learning under these conditions demands higher cognitive effort for a short period, which generates a stronger representation of movement in the memory and yields transference to other tasks when a new demand on long-term memory occurs. In this way, the novice is forced to modify his cognitive operations to adjust to the details of the new skill.
In accordance with findings from previous research, this investigation was designed to assess the effects of random and blocked practice for four tennis shots through a systematic learning program. It is important to mention that during learning sessions it is usual to use both random and blocked practice conditions. Shots are practiced in two sequences and in the same session. No previous studies have used a simultaneous treatment design to measure the effect of the combination of both practical conditions. On the other hand, there is evidence of the suitability of simultaneous treatment design in some clinical studies (Hains & Baer, 1989; Wacker, McMahon, Steege, Berg, Sasso, & Melloy, 1990) . Thus, the effects of simultaneous practice (blocked and random) on four tennis shots practiced in the same session were assessed, as well as the effect on retention periods. In turn, a closer perspective of real learning situations in tennis should be achieved. Furthermore, the hypothesis regarding the differences between learning in the two conditions was tested, since they are similarly favourable for learning this sport.
Method

Participants
Eight male players (university students) participated in the investi-gation (M age = 22.5 yr., SD = 2.9), with a mean of 5.5 yr. (SD = 6.2) of experience playing tennis. All of them knew how to execute flat, slice, and topspin shots. All of the tennis players had experience in regional competition. None of the tennis players played tennis outside the timetable for data collection during the study. All of them provided voluntary informed consent in accordance with the Declaration of Helsinki. The design was approved by University of Extremadura ethics committee.
Tasks and Apparatus
The four shots practiced in random and in blocked practice were the flat forehand, topspin backhand, slice backhand volley, and slice serve. The tennis players were asked to perform each skill as accurately as possible, aiming shots at four round targets 0.50 m in diameter placed on the opposite side of the tennis court. The sequence of trials was performed at the pace set by a metronome that was controlled by a laptop computer, which also indicated the kind of shot to be made through a loudspeaker system. In addition, the laptop was synchronized with a ball machine that delivered tennis balls to the corresponding place for the execution of each tennis shot (Fig. 1) . The rebound of each tennis ball hit by the tennis players was recorded by a camcorder placed in a 12:00 position connected to a TV monitor, allowing for viewing, recording, and subsequent precision analysis.
Variables
The dependent variable was the accuracy of the shots, using mean radial error parameters for each tennis player in each of the practice sessions. The independent variable was contextual interference, which comprised two levels: blocked or random practice. In this way, both types of practice and the effects of the practice schedules were evaluated.
Procedure
A simultaneous treatment design with four repeated measures was used; players were randomly assigned to the two practice conditions (blocked and random). The intervention took place in two phases involving 12 sessions of initial learning distributed over 3 wk. (four sessions per week) and a later period when the retention tests were administered. During the sessions, each tennis player executed a total of 192 repetitions of shots, distributed in blocked or random practice. The first 48 repetitions of each shot were executed in blocked practice, and the 144 remaining shots were executed in a random sequence. Once the initial period of learning had ended, the retention tests were given after the random practice and the proficiency of the shots executed during the first 48 shots in blocked practice was assessed. The first retention test took place 48 hr. after the last learning session, and the other three were given 2, 4, and 6 weeks later (Table 1 ). The tennis players executed an average of 33.48 forehand shots (SD = 3.31), 37.17 backhand shots (SD = 2.77), 38.08 volley shots (SD = 3.72), and 38.90 serve shots (SD = 2.66) per session throughout the intervention. This is important because there were a large number of trials per shot and per session. Results Prior to the statistical analysis, the Kolmogorov-Smirnov test of normality confirmed the normal distribution of the data. To analyze the mean radial error of each shot, an independent t test was taken and the results of each shot practiced were compared in order to examine the contextualinterference influence that occurred between each training session.
For the forehand shot, there were significant differences in the retention test at 6 wk. (t 1,261 = 7.692; p = 2.9 × 10 -13 ; d = 1.04). For the backhand shot, significant differences were also found in the tests at 48 hr. For the analysis of the "practice effects," a repeated-measures t test was used. Fig. 2 presents the results for the forehand shot. In this shot, significant differences were found in the acquisition phase in both practice conditions. In retention tests, there were significant differences for the forehand shot, which was originally practiced as a block at 4 wk. and 6 wk., and the forehand practiced in the random sequence in all retention tests.
The results for the backhand shot are shown in Fig. 3 . There were significant differences in the mean radial error during acquisition in both practice conditions. In retention tests, there were differences in the proficiency of the backhand shot in blocked practices at 48 hr., 4 wk., and 6 wk. and random sequences in all retention tests.
The results for the volley shot are shown in Fig. 4 . After acquisition, there were significant differences in the mean radial error registered in both practice conditions. In the retention tests, there were only significant differences in the volley shot, which was practiced initially in the randompractice tests at 4 wk. and 6 wk. Fig. 5 presents the results from the serve shot. After acquisition, there were significant differences in mean radial error for both blocked and random practice. For the retention tests, significant differences were found at the 48 hr. test originally practiced in the random format, and at 4 wk. and 6 wk. (Table 1) 
Discussion
The analysis of the results shows an improvement in the performance of the four shots practiced in the two practice conditions (blocked and random) following the acquisition stage. However, the contextual interference effect only appeared in a few retention tests, with no meaningful differences among the practice schedules after the acquisition stage. This overall finding is consistent with the results obtained by Russell and Newell (2007) , who evaluated the effects of contextual interference in the learning of precision tasks and reaction responses to different stimuli after a period of acquisition. Nevertheless, these findings differ from those obtained by other authors who found that blocked practice was the best form of learning (Pollock & Lee, 1997; Green & Sherwood, 1999; Jarus & Goverover, 1999; Smith & Penn, 1999; Wegman, 1999) . In addition, these results differed from other studies which found that random practice produced temporary negative effects and resulted in poorer performance during the acquisition stage (Farrow & Maschette, 1997; Czyz & Staszak, 2004; Magnuson & Wright, 2004; Overdorf, Schweighardt, Page, & McGrath, 2004; Ste-Marie, Clark, Findlay, & Latimer, 2004) . However, Ollis, Button, and Fairweather's study (2005) found that random practice is beneficial for complex skills such as tennis strokes.
In accordance with the findings, both practice schedules (blocked and random) should be beneficial in reducing tennis-shot errors over longer periods of practice. These findings are similar to those described by Landin, Hebert, Menickelli, and Grisham (2003) who did not find differences between high and low levels of interference in hitting tasks for volleyball when it was practiced with adult players. These findings were also consistent with those of Moreno, Ávila, Damas, García, Luis, Reina, et al. (2003) for precision shooting skills and of Lage, Vieira, Palhares, Ugrinowitsch, and Benda (2006) for temporary positional tasks, which are very similar to tennis shots. So, both practice conditions were beneficial for learning the tennis strokes.
Regarding the retention tests, it should be mentioned that significant differences in skill proficiency were found for some of the tennis shots. In the forehand test, the performance was significantly better with blocked practice in the short and medium term (48 hr. and 2 wk.). This result indicated benefits for learning or training the forehand in blocked sequence, which should yield favorable short-term results in game situations where varied tennis shots are performed. However, random practice produces decreases in precision in all retention tests. These results are different from those that previous researchers found about the benefits of random practice compared to blocked practice when long-term retention performance is evaluated (Anderson, 1980; Del Rey, et al., 1982; Lee & Magill, 1983; Shea & Zimny, 1983; Wright, 1991; Wrisberg & Liu, 1991; Wright, et al., 1992; Pollock & Lee, 1997; Schmidt & Lee, 1999) .
Results varied by the type of shot as well. For the backhand shot, the results were similar to the forehand shot in random sequence. In relation to the blocked practice, the findings indicate that this scheduled practice was more appropriate for maintaining medium-term performance, as demonstrated in the 2-wk. test. However, at the 48-hr., 4-wk., and 6-wk. tests, performance decreased significantly. In terms of the volley shot, the differences at the 4-wk. and 6-wk. tests indicated lower performance loss subsequent to original random practice. These results correspond to the conclusions of the previously mentioned research because blocked practice seems to be preferable for long-term retention of performance. Differences at 48 hr., 4 wk., and 6 wk. were lower for blocked practice in the serve shot. In this case, the serve shot should be practiced in blocked sequence to obtain improvements after the learning or training stage.
Regarding the simultaneous practice effect, results supported several conclusions depending on the kind of tennis shot analyzed and time frame of evaluation subsequent to the practice phase. It should be emphasized that practice in both conditions (blocked and random) would be significantly beneficial for learning the skill and for reducing errors, because these performance indicators improve after the learning stage for the four tennis shots (Lee & Simon, 2004; Maslovat, et al., 2004) . In retention tests, the findings are consistent with results obtained by Pigott and Shapiro (1984) , Pollock and Lee (1997) , Jarus and Goverover (1999), and Brady (2004) , who explained variability in learning and retention in accordance with contextual interference.
Conclusion
Examining results in relation to contextual interference, several considerations should be mentioned. First of all, the results indicated that tennis players' performance on the four shots not only depends on the practice schedules, whether blocked or random, but also varies according to the effects of simultaneous treatment. The decision about this aspect should be based on knowledge of the task complexity (Hebert, Landin, & Solmon, 1996) and the needs of each tennis player in designing the use of one or another type of practice. Second, conclusions about the effect of these practice schedules depend upon when the tennis player's performance is evaluated. In this way, the results show that the improvement in performance during the learning stage is produced by repetitive practice of the tennis shots themselves, regardless of whether the practice is random or blocked as Lee and Simon (2004) and Maslovat, et al. (2004) have found. These researchers concluded that in some cases acquisition differences between the two practice schedules are minimal or nonexistent. However, the loss of performance in retention tests should be analyzed independently of the kind of shot. Finally, keeping in mind the differences between kinds of tennis shot, it is important to note that performance on the retention tests could be affected by the level of initial contextual interference, as Russell and Newell (2007) found. These researchers found benefits in the retention tests when the practice schedule used was the same as the one used for the acquisition period.
An additional contribution of this study was that a new design was introduced to evaluate the execution of tennis shots under contextual interference conditions. In accordance with the research by Magill and Hall (1990) , and Schmidt and Lee's findings (1999) , it was evident that the effects of contextual interference should be evaluated in a specific way for each skill. As observed, there were different results for the four tennis shots according to learning and/or training conditions, and in some cases learning under both conditions could be appropriate or desirable to optimize performance.
